. Purpose: This study examined the relationship between age and gender with physical activity (PA) and how meeting of PA guidelines (PAGL) is related to socioeconomic status (SES) and sedentary behaviors (SB). Methods: Data were collected from 11-, 13-, and 15-yr-old students in 32 countries participating in the Health Behaviour in School-aged Children (HBSC) survey 2001/2002. A self-completed questionnaire assessed weekly moderate-to-vigorous physical activity (MVPA) and SB for the past 7 d and MVPA for a typical week. SES was assessed using the Family Affluence Scale (FAS). Results: None of the countries averaged enough MVPA to meet PAGL. The pattern of MVPA across age and gender was consistent among all countries. In all countries, older children were less active when compared with the youngest children; girls were significantly less active than boys were (mean hours per week of MVPA 3.52 T 1.88 vs 4.13 T 1.95) and were more likely to not meet the PAGL. SES was significantly associated with the amount of reported MVPA. SES and PAGL were not significantly related in seven countries, and a significant decrease in the influence of age was observed in these countries compared with other countries. Conclusions: Levels of MVPA during adolescence showed consistent patterns across countries in relation to age, gender, and social class. The limited effect of age on PA in countries where the influence of social class was less strong suggests the possibility of a moderating effect of context in the development of habits acquired during childhood.
T he increase in prevalence of overweight and obesity in children and adolescents in industrialized countries is a serious public health issue (31) ; these conditions impact morbidity and mortality in adulthood (30, 38) . Lower levels of moderate-to-vigorous physical activity (MVPA) and high levels of sedentary behavior (SB) during childhood and adolescence are associated with concurrent obesity (10, 22) and with increased risk of obesity during young adulthood even when controlling for genetic effects (23) . There is an increasing evidence that many conditions associated with a lack of MVPA (e.g., adiposity, metabolic syndrome, poor bone health, cardiovascular risk) develop precociously in childhood and adolescence and may become chronic illnesses in adulthood (2, 13, 32) . When individuals acquire good habits about MVPA at an early age, they are more likely to maintain those habits in adulthood (13, 28) .
Population studies demonstrate that many youngsters do not meet established recommendations for daily MVPA (20, 27, 32) . To define the profile of population subgroups at risk, it is useful to describe the variation in MVPA levels according to age, gender, and social class. There is also growing interest in whether SB have a significant role in causing young people to avoid regular MVPA (22) .
Adding to this concern is that MVPA declines during the preadolescent and adolescent years (2, 20, 27) . Males are more active than females, and these differences in level of MVPA remain constant as age increases (2, 27, 36) . However, there is disagreement regarding the association between socioeconomic conditions and level of MVPA in youngsters; some authors conclude that it is not possible to establish a clear relation, and hence, further observations are needed (2, 27) , whereas others affirm that higher socioeconomic and educational levels of parents are positively associated with levels of MVPA in adolescents (5) . Conflicting results also emerge from studies on SB and their relationship to MVPA levels in young people. The increasing amount of time spent by adolescents in sedentary activities points to these behaviors as competing with MVPA (4). However, there is evidence that sedentary pastimes are not necessarily an obstacle to performing recommended amounts of MVPA (33) ; in fact, the two types of behavior occur at different times of the day (18) and have different determining factors (2, 27) .
This study examines the patterns of MVPA and SB in youths from 32 countries participating in the Health Behaviour in School-aged Children (HBSC) 2001/2002 international survey. The goals of this study were to examine the relationship between MVPA and SB and to determine whether the meeting of MVPA guidelines (PAGL) is related to age, gender, and socioeconomic status (SES). Potential cultural differences in these relationships are also explored.
MATERIALS AND METHODS
Analyses were based on Health Behaviour in Schoolaged Children (HBSC) 2001/2002 survey, a World Health Organization cross-national survey. HBSC was established in 1982 by a team of Finnish, Norwegian, and English researchers (1) and was designed to collect data every 4 yr. Since its beginning, the number of participating countries has increased to 35* in the 2001 survey (sixth survey; Table 1 ), spanning Europe, Israel and North America (25) . The HBSC study aims to gain additional insight into, and increase understanding of, adolescent health behavior, health, and well-being in their social context and to collect high-quality comparable cross-national data (8, 25) .
Ethics
Information about the study was sent to school directors to contact parents or guardians of all participating children, giving them the opportunity to exclude their children from participation. Active consent was obtained through all sampled schools. The study and the questionnaire were approved by local ministerial or ethics committees in each of the participating countries. Data were collected using an anonymous self-completion questionnaire administered in the classroom. Standard protection measures were taken to ensure that individual data remained confidential (8) . Only group-level data are reported.
Sample
Survey questions covered a wide range of health indicators and health-related behaviors as well as life circumstances of young people. The core questions provided information on demographic factors; family and social background, including socioeconomic status (SES); health behavior, including MVPA, sexual behavior, and other risk behaviors; and lifestyle factors, such as SB and well-being indicators.
The sampled population consisted of students, aged 11, 13, and 15 yr. Cluster sampling was used, the primary sampling unit being school class. Participant countries, following the methodology detailed in the international protocol, drew their representative sample of the three ages reaching the recommended minimum sample size of 1526 subjects for each group, with item prevalence estimates having a 95% confidence interval (CI) of T3%. Study methods are described in greater depth elsewhere (8) . The entire database has undergone a centralized cleaning process, leading to a final sample of 162,305 cases. Children not responding to MVPA questions, age, or gender were excluded; a total of 153,028 cases were used.
Variables and Measurements
Physical activity. Two single-item measures assessed the number of days individuals had engaged in bouts of moderate-to-vigorous physical activity (MVPA) for at least 60 min during the past 7 d and for a typical week. MVPA was defined as ''an activity that usually increases your heart rate and makes you get out of breath some of the time.'' Each participating country was allowed to add examples appropriate to that country, such as running, brisk walking, soccer, basketball, football, or surfing. Children were asked to add up all the time spent in MVPA each day across all activities. Reports for the past 7 d and for a typical week were averaged to form a composite measure. The measure yielded the average number of days per week in which the adolescent accumulated at least 60 min of MVPA. A score of five or more (dIwk j1 ) classified respondents as meeting the MVPA guidelines (PAGL) (6, 24) . Studies have shown that a composite of these two items have reasonable reliability and validity in this age group (3, 24) .
Sedentary behaviors. SB were assessed by three recall questions. Children were asked how many hours per day, during their leisure/free time, they usually spend in doing the following: watching television/videos (TV), doing homework (HW) outside school hours, and using computer or playing video games (PC). Questions were asked for weekdays and the weekend. Participants responded to each question using a 9-point scale from ''none at all; approximately 0.5 hId j1 , approximately 1 hId j1 , approximately 2 hId j1 ,'' and so on, to ''approximately 7 h or more per day.'' The number of hours spent each week in each of the sedentary activities assessed was derived, and an SB index score, similar to that used in other epidemiological studies (18, 21) , was computed by summing the three items' results as the number of hours spent in a 7-d week being physically inactive. In previous studies with similar age groups, the items have been shown to have good test-retest reliability and validity (29, 35) .
Socioeconomic status. The participants' SES was assessed using the Family Affluence Scale (FAS). The FAS is a measure that reflects the material resources of the family, which is a proxy for family income that is available for the purchase of specific goods (items include family cars, computers, number of holidays, child's own bedroom) (7, 9) . A composite FAS score (0-9 range) was calculated for each student on the basis of his or her responses on these four items. FAS has been used and validated in previous HBSC researches (7, 9) , and findings confirm that the FAS, reported by young people themselves, is a valid indicator of young people's material circumstances and supports its use in cross-national surveys (37) . Consistent with the international protocol, we used a 3-point ordinal scale, where FAS 1 (score G2) indicated low affluence, FAS 2 (score 3-5) indicated medium affluence, and FAS 3 (score 96) indicated high affluence. http://www.acsm-msse.org
Statistical Analyses
First of all, we performed descriptive analyses on the average number of days the children reported a total of at least 60 min of MVPA activities in each HBSC country by age, gender, and FAS level. Descriptive tables report the mean and SD of observed MVPA by age, gender, and FAS level. For each of the 32 countries, the last column reports the mean number of days that the total sample of children was involved in MVPA with the 95% CI taking into account the intraclass correlation (Tables 1 and 2) .
We then fitted a logistic regression model where MVPA was dichotomized accordingly to PAGL (6,24) into ''less than'' and ''equal to or more than'' 5 dIwk j1 in which a minimum of 60 min was dedicated to MVPA activities. The first step of the regression analysis fitted the model, separately for each participating country, yielding the likelihood of not meeting the PAGL for each of the predictive variables included in the model. The model used age, gender, SB, and FAS level as predictive variables; 95% CI were estimated adjusting for intraclass correlation consistent with the cluster sampling procedure (Table 3 ).
In the second step of the regression analysis, a model was fitted to investigate the hypothesis that the variability of MVPA might be explained by factors within a broader context. Therefore, a supraindividual dimension of the phenomenon was investigated (17, 21) . In these analyses, MVPA was considered as an outcome variable across the two groups of countries where FAS had, or did not have, an effect on the likelihood of meeting PAGL. In this new model, the classification in two groups of countries was based on the odds ratios (OR) and 95% CI for FAS overlapping/not overlapping one. OR were estimated with a logistic regression model using robust variance estimates to adjust for clustering by country ( Table 4 ). The model controlled for age, gender, SB, and country. An alpha level of 5% was taken for all statistical analyses: a t-test for independent samples when comparing means of two groups and ANOVA test with Bonferroni correction for comparing means of more than two groups were used. Statistical analyses were conducted using Stata version 9.0 (Stata Statistical Software, release 9, 2005; StataCorp LP, College Station, TX) and R (a free software environment for statistical computing and graphics: http://www.r-project.org/).
RESULTS
A total of 162,305 questionnaires were completed; 1329 (0.8%) were discarded because of missing information on age or gender. Analyses were performed on a total of 160,976 (99.2%) young adolescents, of which 48.5% were Number of hours spent per day in watching TV, using a computer, and doing homework. The effect of FAS level on MVPA is not statistically significant (Czech Republic, Greenland, Ireland, Malta, Switzerland, Ukraine, and Macedonia).
boys; 34.1% were 11 yr old (mean age = 11.6 T 0.40 yr), 34.5% were 13 yr old (mean age = 13.5 T 0.42 yr), and 31.4% were 15 yr old (mean age = 15.5 T 0.41 yr). Table 1 shows the mean (TSD) number of days the participants engaged in bouts of MVPA for at least 60 min according to age category, gender, and country of residence. There was consistency among all 32 countries in the distribution of MVPA across age and gender. Different durations of activity were found for the three age groups and for boys and girls. Independent of gender, the amount of MVPA decreased significantly with increasing age: 11-yr-old children were always more active than 13-and 15-yrold children (P G 0.001), among whom we found the lowest reported MVPA (2.26 d j1 in Malta). With only a few exceptions, girls reported being significantly less active than boys (3.52 T 1.88 vs 4.13 T 1.95, P G 0.001).
In no country that the average of 5 dIwk j1 of 60 min of MVPA needed to meet the PAGL was reached. Adolescents in Ireland, Canada, and United States, with 4.4, 4.3, and 4.3 d, respectively, of 60 min of MVPA per week, were the most active. Adolescents in Belgium and France were, on average, the least active, with a mean of 3.1 d with a minimum of 60 min of vigorous activity. The distribution of reported MVPA level was also examined according to the individual FAS level. Table 2 reports the mean (TSD) number of days the participants had engaged in MVPA for at least 60 min by FAS level and gender. Overall, the amount of time spent in MVPA decreased as the FAS level decreased. With the exception of Greenland, all countries had the same pattern: the amount of MVPA reported decreased progressively with a decrease in FAS level from high to low. Girls, within the same level of FAS, achieved fewer days of adequate MVPA duration than boys did. Among the 32 countries, only the Irish children with high FAS met the PAGL. Table 3 shows the likelihood of not meeting PAGL, i.e., achieving less than 5 dIwk j1 of 60 min of MVPA. Results are reported as OR with their 95% CI. We explored the likelihood of meeting PAGL in relation to age, gender, SB, and FAS level. For gender, girls showed a significantly higher level of inactivity when compared with boys in all participating countries. OR range from 1.22 (95% CI, 1.04-1.43) in the Netherlands to 2.50 in France (95% CI, 2.15-2.94) and Malta (95% CI, 1.98-3.17). In 10 of the 32 countries, girls had a twofold odds of not meeting PAGL.
About age differences, the likelihood of not achieving sufficient MVPA increased along with the participants' ages. All countries, with the exception of Belgium, had the same pattern of results; older children were always less likely to meet the PAGL. In 18 of the 32 participating countries, the odds for the 13-yr-old children of not meeting PAGL compared with the 11-yr-old children was significantly higher, and the same was true in 24 of the 32 participating countries when 15-yr-old children were compared with 11-yr-old children.
In the overall sample, SB were not associated with the amount of reported MVPA. However, there were cross-country differences. In four countries, SB had an influence on PA; that is, the likelihood of not meeting PAGL increased significantly with increased SB. In the remaining countries, the amount of reported MVPA did not show any statistically significant association with SB, with the exception of Portugal.
Socioeconomic status seems to be significantly associated with the amount of MVPA declared. The higher the FAS level, the higher the association with vigorous MVPA. All countries show the same direction in the relationship between MVPA and level of FAS; with the exception of The Czech Republic, Greenland, Ireland, Macedonia, Malta, Switzerland, and Ukraine, children with higher FAS level report a significantly higher level of MVPA with respect to peers with lower FAS level. In contrast, in the seven exceptions, the individual socioeconomic position does not seem to be associated with meeting PAGL.
The seven countries with no significant relationship between FAS and PAGL were grouped separately from the countries with a FAS-PAGL relationship, and a new regression was run to compare the effect on PAGL level of the two clusters. It should be noted that, by grouping countries on the basis of their FAS OR and 95% CI overlapping/not overlapping one, we ignore the impact of the effective sample size, which (e.g., Malta, where n = 1894, and United Kingdom, where n = 13,368) may affect the estimates of the effect of FAS on the likelihood of not meeting the PAGL for MVPA. Table 4 shows the results (OR and 95% CI) by age and gender categories for the two sets of countries: the group of countries where meeting the PAGL does not seem to be influenced by FAS level (group A) and the group with all the other countries, in which meeting the PAGL showed a significant association with the FAS level (group B). The group of countries in which the influence of FAS on meeting PAGL was not significant (group A) showed a decrease in the influence of age on whether the amount of reported MVPA met the PAGL. As a result, the difference among the three age ranges involved in the analysis was significantly less in group A than in group B.
DISCUSSION
Many studies have shown that becoming obese at an early age represents a risk factor for health in adulthood (30,38). More recently, attention has been focused on the behaviors correlated with obesity, which could more easily be modified at an early age; among these, not doing regular MVPA and engaging in sedentary activities are the most frequently identified (2, 10, 22, 23, 28) . The results presented in this study confirm the two aspects most frequently noted in the international literature: levels of MVPA decrease with increasing age, and girls do less MVPA than boys do (Table 1) . Active or sedentary lifestyles are often seen as opposite sides of the same coin; the term ''displacement hypothesis'' has been used in the literature to suggest SB, such as time spent watching TV or using the computer, take time away from MVPA (19, 26) . However, the results of this study do not confirm this theory. In the countries involved in this survey, the risk of not doing enough MVPA, as recommended by the guidelines, does not increase along with an increase in time spent in sedentary activities (Table 3) . These results are consistent with recent findings (2, 27) . One conclusion is that although the two behaviors cannot be engaged in simultaneously, there is no real competition between them. A large study conducted in the United States and United Kingdom demonstrates, in the same age range and in both genders, the coexistence of a cluster of subjects with high levels of both MVPA and use of TV, computer, and telephone, and another group in which high levels of MVPA are not accompanied by substantial amounts of time spent in ''technological'' activities (18) . Other studies demonstrate that levels of MVPA, compared with percentage of time spent in sedentary activities, depend more on the environment in which adolescents live (2, 21, 27) .
About the social class of the family of origin, and the levels of MVPA performed by adolescents, some studies have described this relationship, concentrating attention on either the family's economic level (11, 16) , parents' educational level (14) , or neighborhood resources and environment (5, 12) . However, recent reviews have concluded that further observations are needed because the association between levels of MVPA performed by adolescents and the family's social class is not sufficiently clear (15, 27) . The data presented in this study demonstrate a consistent reduction in MVPA with decreasing FAS (an indicator of social class; Table 2 ). In only seven of the 32 countries, the family's socioeconomic position does not seem to influence the levels of MVPA reported by adolescents (Table 3) .
Levels of MVPA in adolescence thus seem to show consistent patterns of change in relation to age, gender, social class, and geographical area. Table 1 shows how, while maintaining gender differences in MVPA levels, males and females move together both downward or upward, with few exceptions, across age or FAS level. These patterns call attention to the supraindividual dimension of the phenomenon, even more evident in the data shown in Table 4 , where we observe how the reduction in MVPA with increased age become less evident in countries in which social class does not seem to influence the levels of MVPA reported by adolescents (21) .
The decrease in levels of MVPA with increasing age is often discussed as though young people are always free to choose between being sedentary and having active lifestyles, forgetting that the increase in risk associated with a drop in socioeconomic status mirrors a narrowing of choice. This possibility of contrasting the decrease in MVPA with increasing age, present in countries where the influence of social class is less strong, suggests the possibility of a moderating effect of context in the development of habits acquired in childhood. Hence, we are faced with the need to broaden our observations from the individual characteristics of children and adolescents to the organization of the area where they live (5, 12) ; this aspect has received less attention but is particularly important in an age group that has limited autonomy of choice and movement. It has already been shown that the perception of lack of parks and access to green areas is associated with a reduction in transportation by foot or bicycle (34) . It also seems that girls reduce their MVPA more quickly than boys do when confronted with obstacles (venue access times, equipment costs, etc.) (36) and are also more sensitive to an increase in crime rates in an area (11) or a reduction in residential density (21) , conditions which, by reducing perceptions of safety, also reduce levels of MVPA, even if only that involved in getting around on foot (2). However, above all, it is the complex relationship between social class and level of MVPA that calls for a broadening of viewpoints; a recent study has in fact shown how living in socially disadvantaged areas doubles adolescents' risk of engaging in low levels of MVPA, with only a small difference linked to individual characteristics (17) . Therefore, we believe that research in this area should be expanded-searching in the broader context for determinants of adolescents' achieving recommended levels of daily MVPA.
